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1.1 INTRODUCTION  
 
Rural roads form the essential access to form plantations and suburban areas. It is important for 
people in suburban area in connecting people towards facilities and services for life improvement. 
Rural road usually serve low traffic volume [1]. These roads are not meant to support traffic volume 
load which is too high or it could cause damage to the roads. Nonetheless, they also contribute to the 
country’s economic growth and development. However, the construction period and cost of the rural 
roads are relatively high. The conventional design consists of a multi-layer system, i.e. subgrade, sub-
base, road base, binder and wearing course [2]. Long-term benefits in increasing strength and 
durability of the pavement subgrade by chemical stabilization can be introduce in reconstruction and 
new construction stages of rural roads [3]. Chemical stabilization involves injecting or blending a 
binder into the existing soil to improve its geotechnical properties through a chemical reaction [4]. 
The geotechnical properties of soil such as plasticity, unconfined compressibility strength, 
permeability and swelling pressure are improved by chemical stabilization. The common binder is 
Portland cement, lime, fly ash, chloride compound and waste materials (fiber residue, fly ash and 
coal) can be added to cement the soil bodies, thereby increasing the strength and stiffness [5]. The 
maintenance of pavement also reduced. The chemical stabilization by proprietary binder can also use 
in the maintenance of the existing road. It can be undertaken rapidly without the reconstruction and 
pre-treatment of the problematic soil by blending the existing base course materials. The chemical 
stabilization by proprietary binder method is a cost-effective and also as an alternative method for 
ground treatment. The aim of this study is to examine the range of clay soils (clay, silty clay and 
sandy clay) for the effective chemical stabilization with the proprietary binder. This study could be 
practical and applicable in road construction to help the industry in getting the effective binder dosage 
to be used in soil stabilization to improve the strength of the road base.  
 
1.2 LITERATURE REVIEW  
 
A durable pavement increases the pavement strength in order to increase its period of time used and 
reduce the maintenance cost of rural road. The durable pavement depends on the design of pavement 
thickness, CBR value of road material used and its strength. The road construction works and designs 
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are conducted in accordance with the JKR guidance. The strength performance of road can be 
improved by ground stabilization of road base by blending the chemical additives.  
 
Chemical stabilization is the process involves of injecting or blending a binder or additive into 
the existing soil to improve its geotechnical properties through a chemical reaction [4]. Many kind of 
chemical additives which use in chemical stabilization were studied by others in purpose to improve 
the strength performance of problematic soil. The chemical stabilization of road base is beneficial for 
cost-saving due to the reduction of maintenance and road repairs. 
 
This chapter shows the introduction of the rural road, pavement, pavement failure, 
problematic soil and chemical stabilization.  
 
RURAL ROAD 
 
Rural road normally known as low traffic volume of farm-to-market access road connecting 
communities, and roads for logging or mining are significant parts of any transportation system [6]. It 
is necessary to serve people in rural areas in order to improve the flow of goods and services. It also 
promote development, public health and education in rural area [1]. Roads are essential but they must 
be constructed and maintained with negative environmental impacts. The road must be well planned, 
located, designed and constructed to reduce adverse impacts on the environment and must be cost-
effective in long term period with minimized maintenance and repair costs. 
 
PAVEMENT 
 
Pavement is a multi-layer system that distributes the vehicular loads over a larger area [7]. It consists 
of a sub-base course, base course, binder course and wearing course where are overlying the subgrade 
[8]. Figure 1.1 illustrates the cross-section of the pavement structure. Subgrade is the uppermost part 
of natural soils or imported soils under the sub-base to support the load transmitted from the overlying 
layer. Sub-base course is a layer between the subgrade and base course, made from materials superior 
to the subgrade. It eliminates the intrusion of fines from the sub-grade into the pavement structure, 
enhances drainage layer and eliminates the frost action damage. It provides a working platform for 
road construction. It is omitted if the pavement is constructed over a high quality of subgrade. Base 
course is immediately beneath the surface course which is binder course and wearing course. It 
provides additional load distribution and contributes to drainage and frost resistance. Binder course is 
bounder layer which is placed over the base course to provide shear resistance between the wearing 
course and base course. Wearing course is the topmost layer of the surface course which in direct 
contact with the traffic. It provides abrasion resistance and prevents skidding of traffic. 
 
 
Figure 1.1: Cross section of pavement structure (Flexible Asphalt Pavement, n.d) 
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PAVEMENT FAILURE 
 
Pavement failure is defined in term of decreasing the serviceability caused by the development of 
surface distresses such as cracks, potholes and ruts [9]. It is categorized as structural, functional and 
material failures [10]. Structural failure is the loss of load carrying capability of the pavement section 
result in requiring of repair or replacement. Functional failure is defined as the loss of pavement 
functional such as skid resistance, structural capacity, and serviceability or passenger comfort. 
Materials failure is the disintegration or loss of material characteristics of the component materials. 
According to the guide to the visual assessment of flexible pavement surface conditions (JKR), there 
are 6 groups of damage types in pavement failures such as pavement cracks, surface deformations, 
surface defects, patch, pothole and edge defects [11].  
 
Pavement cracks are fissures resulting from partial or complete fractures of the pavement 
surface. The presence of cracks increase the detrimental effects such as loss of water-proofing of 
pavement layer, loss of riding quality through loss of surfacing, loss of appearance, loss of load 
spreading ability of a cracked material, and occurrence of pumping and loss of fines from the base 
course. Types of crack are a crocodile, block, longitudinal, transverse, edge and crescent-shaped 
cracks. 
 
 Surface deformation occurs when a road surface undergoes changes from its original 
constructed road profile after construction due to trafficking or environmental influences. It reduces 
the traffic serviceability such as riding quality and reflects structural inadequacies. There has four 
types of surface deformation such as rutting, corrugation, depression, and shoving.   
 
Surface defects occur when the loss of surfacing materials, loss of surface micro and macro 
textures in pavement layer. They often indicate the pavement structural inadequacy but have a 
significant influence on the serviceability and safety of a pavement with regard to skid resistance, 
manoeuvrability, and riding quality. They also lead to subsequent loss of pavement structural 
integrity. There have four types of surface defects such as delamination, polishing, bleeding, and 
ravelling.  
 
 A patch is a repaired section of pavement where a portion of the pavement surface has been 
removed and replaced. It influences the serviceability apart from a loss of appearance or structural 
capacity. A pothole is a bowl-shaped cavity in the pavement surface that caused by the loss of surface 
course materials. They are produced since small pieces of the pavement surface are breached and 
allow the entry of water into the pavement. Edge defects take part in the interface of flexible 
pavement and the shoulder especially it is unsealed. The detrimental effects of edge defects are a 
reduction of pavement width, loss of quality of ride and possible loss of control of the vehicle, 
channelling of water at the edge of the pavement leading to erosion of shoulder, and entry of water 
into the base. 
 
 The damage to the road pavement is generally caused by water, traffic, pavement material, 
climate, soil condition, and compaction [12]. The infiltration of rainwater with problematic road 
drainage system, groundwater rises caused by the nature of capillarity of groundwater. The increase 
of traffic also tends to be a redundant and looping load. Pavement material properties have not 
attained the standards or material processing system. The climate for tropical countries has high 
rainfall and high air temperature. The unstable soil base conditions and the inadequate compaction 
process cause the damage to road pavement. 
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PROBLEMATIC SOIL 
 
The residual soils cover more than three-quarters of the land area of Peninsular Malaysia [13]. They 
consist of the composite soils of sand, silt and clay in varying proportions that on the geological 
setting of the soil [14]. They are typical materials of the rural area in Malaysia that usually applied to 
road and embankment construction [15]. The soil problems such as low bearing capacity, high 
compressibility, high shrinkage and swelling characteristics that reduce the durability of the pavement 
structure. The thick pavement structure layers are designed to increase the durability and 
serviceability according to JKR standard. The construction cost of rural roads is significantly higher 
because of the delivery cost of pavement materials and its material cost.  
 
CHEMICAL STABILIZATION 
 
The chemical stabilization is a method involves mixing or injecting the soils with chemical binders to 
improve the strength and stiffness of soils through a chemical reaction [16]. The common binders are 
Portland cement, lime, fly ash, sodium or calcium chloride or with viscoelastic materials such as 
bitumen. In addition to the waste materials that can be used in clay soil stabilization include jute, rice 
husk, palm fibre, nylon fibre, aluminium or iron residues, fly ash and coal [4]. Cement is the oldest 
binding agent for soil stabilization technology since 1960 [17]. The soil-cement stabilization cost 
depends on the quantity of cement used for the improvement. However, cement has higher energy 
intensive lead to 5 – 10 % of anthropogenic CO2 emission from the chemical reaction of cement. 
They have a high environmental impact as result of the high pore water pH of greater than 13 increase 
the mobility of heavy metals. 
 
The oldest traditional stabilizer used in soil stabilization is lime that is reported by [18]. Lime 
stabilization is the means of improving the soil strength and stiffness properties by adding lime such 
as hydrated lime (Ca(OH)2), limestone (CaCO3) or quicklime (CaO). It is beneficially modified 
several significant geotechnical properties of clayey soils. For instance, lime reduces the plasticity 
index (PI), increases the strength, California Bearing Ratio (CBR), workability and shrinkage whereas 
minimizes most swelling issues[19,20]. 
 
 
Figure 1.2: Variation of california bearing ratio of bio-enzyme treated soil [21] 
 
The bio-enzymatic soil stabilization has improvement in Unconfined Compressive Strength 
and California Bearing Ratio [21]. Figure 1.2 shows the UCS increased from the curing time of 14 
days to 28 days. The California Bearing Ratio of bio-enzyme treated soil improved compared to 
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untreated soil. The bio-enzyme treated soils with 4-week curing time have higher CBR than those 
with 2 weeks curing time. For those with 2 week curing time, the CBR with dosage 3 has a decreasing 
trend but increase when the further addition of dosage as shown in Figure 1.3. 
 
For the calcium carbide residue and lime-treated soil, it can be seen that have slight increased in 
unconfined compressive strength compared to the untreated soil [22]. Figure 1.3 indicated the 
strength performance of calcium carbide residue treated soil is higher than lime treated soil. It also 
showed the increase in strength performance of treated soil with increasing the curing time and binder 
dosage. 
 
 
Figure 1.3: UCS test results of untreated and treated soils 
 
1.3 MATERIALS AND METHODS 
 
KAOLIN 
 
Kaolin (FM-C) is used in this study and manufactured from Kaolin (Malaysia) Sdn. Bhd as shown in 
Figure 1.4. Other than that, the MTS Fibromat binder used in this study is sourced from Industrial 
Collaborator (MTS Fibromat Sdn. Bhd., Selangor). According to the certificate of analysis for Kaolin 
(FM-C), its moisture content is 4.5 % and its pH when 30 % solid is 4.6. Its average particle size is 
4.4 microns while it has only 0.01 % is 325 mesh residue as illustrated in  
Table 1.1.  
 
 
Figure 1.4: Kaolin FM-C 
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Table 1.1: Certificate of analysis for Kaolin FM-C 
 Standard Result 
Batch no - 150512 
Number of Tonnes MT 0.025 
Moisture Content Below 7.0 % 4.5 
pH (30 % Solid) 3.0 – 5.0  4.6 
Brightness 75.0 – 81.0 % 76.2 
325 Mesh Residue Below 0.2 % 0.01 
Average Particle size 2.5 – 4.5 μ 4.4 
 
 
Figure 1.5: Particle size distribution curve of Kaolin FM-C  
 
SAND 
 
Sand is a natural granular material composed of finely divided rock and mineral particles. It is defined 
by particle size, being finer than gravel and coarser than silt. The soil is obtained from the particles 
that passing the No. 4 sieve (4.75 mm) and retained on No. 200 sieve (0.075 mm) in accordance with 
USCS soil classification system. It showed in Figure 1.6. It is the medium size sand particles since its 
major component is medium sand composed of 58 % in range of 0.425 mm to 2 mm compared to 0.2 
% of coarse sand and 32 % of fine sand. The particle size distribution curve is illustrated in Figure 
1.67. Kaolin and sand are used to represent the clay and sand soil respectively. It mixed with kaolin in 
different mix proportion to form the sandy clays but the amount of sand cannot exceed the amount of 
kaolin.  
 
 
Figure 1.6: Sand 
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Figure 1.7: Particle size distribution curve of sand 
 
MTS FIBROMAT BINDER 
 
The proprietary binder used in this study is produced by MTS Fibromat Sdn. Bhd as shown in Figure 
1.8. The MTS Fibromat binder is a pink coloured powder which is a mixture of cement, lime, poly-
fibre and ionic compounds. It is used for the stabilization of road base materials in road construction. 
When mixing it with optimum moistures content, MTS Fibromat can be improve the engineering 
properties of road base materials. Commonly, the 3% of binder dosages is used by MTS Fibromat 
Sdn. Bhd to mix with road base materials for road base stabilization as a stabilizer.  
 
 
Figure 1.8: Binder 
 
 The kaolin was mixed together with sands to stimulate the sandy clay. The mix ratios of 
kaolin and sand prepared in this study are 1:0, 3:1 and 1:1. They are used to represent the sandy clay 
by mixing with different mix proportion. Then the standard compaction tests were conducted to 
determine the optimum moisture content and maximum dry density.  
 
1.4 MIXING 
 
The kaolin, sand and MTS Fibromat binders were mixed thoroughly until they achieved a uniform 
colour before adding water. It processed the wet mixing process by adding amount of water according 
to optimum moisture content obtained from standard compaction test and plus 2 % to each soil 
sample due to the addition of MTS Fibromat binder that will make faster the absorption rate of water 
before mixed completely.  
Table 1.2 is illustrated the list of sample in this experiment.  
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Table 1.2: Sample list 
No Specimen Name 
Laboratory Test 
California Bearing Ratio 
Unconfined Compressive 
Strength 
1 100K_1.5B -3D 1 - 
2 100K_2.5B -3D 1 - 
3 100K_3.5B -3D 1 - 
4 75K25S_1.5B -3D 1 - 
5 75K25S_2.5B -3D 1 - 
6 75K25S_3.5B -3D 1 - 
7 50K50S_1.5B -3D 1 - 
8 50K50S_2.5B -3D 1 - 
9 50K50S_3.5B -3D 1 - 
10 100K_1.5B -7D 1 3 
11 100K_2.5B -7D 1 3 
12 100K_3.5B -7D 1 3 
13 75K25S_1.5B -7D 1 3 
14 75K25S_2.5B -7D 1 3 
15 75K25S_3.5B -7D 1 3 
16 50K50S_1.5B -7D 1 3 
17 50K50S_2.5B -7D 1 3 
18 50K50S_3.5B -7D 1 3 
19 100K_1.5B -28D 1 - 
20 100K_2.5B -28D 1 - 
21 100K_3.5B -28D 1 - 
22 75K25S_1.5B -28D 1 - 
23 75K25S_2.5B -28D 1 - 
24 75K25S_3.5B -28D 1 - 
25 50K50S_1.5B -28D 1 - 
26 50K50S_2.5B -28D 1 - 
27 50K50S_3.5B -28D 1 - 
 
1.5  CURING 
 
Curing is necessary to ensure continuous hydration of the stabilizer, reduce shrinkage and reduce the 
risk of carbonation by maintaining moisture and properly cured to prevent the loss of water for the 
stabilized samples. The curing period of 1, 3, 7, 28 days are taken for the CBR test while the 7 days 
curing is taken for UCT. The method of curing used in this experiment is according to construction 
specification 29 [23]. The plastic sheeting used to cover the stabilized soil sample completely and 
then covered by another layer of moisture clothes to maintain the moisture condition at the joint as 
shown in Figure 9 (a). Covering the sample can prevent fresh surface from eroded or otherwise 
damaged as showed in Figure 9 (b). The moisture clothes is regularly rewetted once a week to 
maintain the moisture condition. 
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Figure 9: (a) and (b) Curing method in the experiment 
 
1.6 LABORATORY TEST 
 
The mechanical properties tests were carried out for all mixtures such as standard compaction test, 
California Bearing Ratio (CBR) test and unconfined compressive test (UCT). Table 1.3 is illustrated 
the relevant standards for laboratory tests.  
 
Table 1.3: Relevant standards for laboratory tests 
Standard codes Laboratory Test 
BS1377(1990): Part 2 Particular size distribution 
BS1924(1990): Part 2 
California Bearing Ratio 
Standard compaction test 
BS1377(1990): Part 7 Unconfined compressive test 
 
1.7 RESULTS: ANALYSIS AND DISCUSSIONS 
 
STANDARD COMPACTION TEST 
 
The determination of maximum dry density and optimum moisture content for the different 
proportion of samples such as sample of 100K, 75K25S and 50K50S obtained from the standard 
compaction test to determine the liquid limit for preparation of the stabilized sample. It is shown in 
Figure 1.10. Increasing in moisture content result in increasing of dry density until the maximum dry 
density attained. The procedure of standard compaction test is referred to BS1924: Part 2 (1990). 
There was a significant reduction of optimum moisture content by increasing the sand proportion of 
the sample. The sample 100K which contain 100 % of sand is higher of optimum moisture content 
and followed by sample 75K25S and sample 50K50S, i.e. 31.0 %, 22.8 % and 15.5 % respectively. 
However, maximum dry density is increase by increasing of sand proportion from sample 100K to 
sample 50K50S, i.e. from 1.28 Mg/m3 to 1.70 Mg/m3 thus the strength performance of the sample 
improved by increasing the shear strength. Basically, the increment of sand proportion will increase 
the maximum dry density but reduce the optimum moisture content. This is the indication of lesser 
demand of water for achieving the desired density in the field [24]. The strength performance of 
samples can be discussed clearly for the further analysis in CBR test.  
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Figure 1.10: Relationship between Maximum Dry Density and Optimum Moisture Content 
 
CALIFORNIA BEARING RATIO (CBR) VALUES 
 
The strength of all samples can be obtained from California Bearing Ratio (CBR) test after 3 and 7 
days curing. Based on Figure 1.11 (3-days curing), Figure 1.12 (7-days curing) and Figure 1.13 (28-
days curing), the results shows that the higher proportion of sand results in higher CBR which 
increase from sample 100K (0 % of sand) to sample 50K50S (50% of sand). Because of the sand 
proportion gives a higher maximum, dry density causes the soil become more brittle and bearing 
capacity to resist the load penetration. Results also shows that the increase in MTS Fibromat binder 
dosage is not much influence the CBR value for the sample 100K (0% sand) and sample 75K25S (25 
% sand) in Figure 1.12 (3-days curing) and Figure 1.13 (7-days curing). Thus, the addition of 1.5 % 
of MTS Fibromat binder is sufficient for soil stabilization of the sample 100K and sample 75K25S 
and more effective the MTS Fibromat binder effect in the sample 50K50S (50% sand) is admixed 
with MTS Fibromat binder dosage that greater than 2.5 % as shown in Figure 1.13. [21] From the 
study of Venkatasubramanian & Dhinakaran, it concluded that the bio-enzyme treated the soil with 
28-days curing has higher CBR value, i.e. strength compare to the shorter curing day (14 days) as 
shown in Figure 1.2. The bio-enzyme treatment is more effective in treatment for silty clay soil 
compare to the sample 75K25S with stabilized with MTS Fibromat binder but the stabilization of 
sandy clay (Sample 50K50S) has more significant increment in CBR compared to those treated with 
bio-enzyme. The CBR improvement of sample 50K50S can be seen that the square marked in Figures 
1.11, 1.12 and 1.13. Both treatment and stabilization effect is almost the same for the clayey soil. 
 
 
Figure 1.11: Effect of MTS Fibromat binder dosage on CBR for sample with 3-day curing 
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Figure 1.12: Effect of MTS Fibromat binder dosage on CBR for sample with 7-day curing 
 
 
Figure 1.13: Effect of MTS Fibromat binder dosage on CBR for sample with 28-day curing 
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Figure 1.14: qu affected by MTS Fibromat binder dosage for different sand proportion of sample 
 
UNCONFINED COMPRESSIVE STRENGTH (qu) 
 
Figure 1.14  illustrated the relationship between qu and binder dosage. It can be seen that the sample 
50K50S (50 % of sand) are higher qu than sample 75K25S (25 %) and sample 100K (0 % of sand). It 
also proved that qu was improved by increasing the addition of MTS Fibromat binder dosage as 
Figure 1.14. In an instance, qu increased from 236 kpa to 413 kpa in sample 100K, 252kpa to 389 kpa 
in sample 74K25S and 435 kpa to 596 kpa in sample 50K50S. It is similar to the calcium carbide 
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residue and lime-treatment of soil, the increase of their binder dosage can be increased in strength of 
soil [22]. However, the stabilized soil with MTS Fibromat binder is lower compressive strength 
compare to the calcium carbide residue and lime-treated soil which qu have greater than 800 kpa as 
shown in Figure 1.3. It may because of the carbon carbide subsidue and lime treatment is more 
effective in clayey soil treatment compare to the MTS Fibromat binder. This is due to the MTS 
Fibromat binder consists of a small proportion of lime and cement compare to their binder used in 
treatment. In the literature review, it found that cement and lime treatment have greatly improved in 
geotechnical properties of soil.  
 
CORRELATION BETWEEN (CBR), qu AND YOUNG MODULUS, E 
 
Parameters such as failure strain, εf, unconfined compressive strength, qu, young modulus, E and 
California Bearing Ratio (CBR) are obtained from CBR and UCT tests and tabulated in Table 1.4. 
The relationship between CBR and qu shows a good coefficient of correlation of R2 = 59.1 % as 
shown in Figure 1.15. The CBR increased with increasing of the qu. Besides, Figure 1.16 shows the 
correlation between CBR and E with R2 = 65.6 %. The CBR increased when E had increased. There 
is a good relationship between E and qu with R2 = 86.7 % as shown in Figure 1.17. Due to the 
increasing of E by the increment in qu. the equations for the correlation between parameters such 
CBR, qu and Young Modulus, E shown in Figure 1.17.  
 
Table 1.4: Correlation between CBR, qu and E 
Specimen 
CBR 
(%) 
qu (kpa) E (Mpa) 
100K_1.5B -7D 24 236 0.37 
100K_2.5B -7D 28 355 0.68 
100K_3.5B -7D 30 413 0.83 
75K25S_1.5B -7D 40 252 0.65 
75K25S_2.5B -7D 40 289 0.58 
75K25S_3.5B -7D 35 389 1.05 
50K50S_1.5B -7D 55 435 1.12 
50K50S_2.5B -7D 60 500 1.32 
50K50S_3.5B -7D 65 596 1.45 
 
 
Figure 1.15: Relationship of CBR – qu 
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Figure 1.16: Relationship of CBR – E 
 
 
Figure 1.17: Relationship of E - qu 
 
1.8 CONCLUSIONS  
 
Laboratory test conducted on clayey soil which stabilized by binder, determine its improved 
geotechnical properties such as the unconfined shear strength and California Bearing Ratio (CBR) 
value. The strength performance of stabilized soil can be provide evidence to get approval from JKR 
for the early completion of road construction without achieve the standard curing time of 7 days. 
Based on the results obtained, it can be concluded that:  
 
a) Effect of the sand proportions on CBR values 
 
Higher sand proportion can caused a higher CBR value same as the increment of binder dosage. It is 
because of the sand proportion gives a higher maximum dry density that causes the soil become more 
brittle and bearing capacity to resist the load penetration. All samples meet the minimum CBR 
requirement which is 5% for the conventional flexible pavement of rural road. The thickness of 
structural layer can be reduced as CBR increased. It can be save the material cost deliver fee for 
construction. But only sample 50K50S admixed with 3.5 binder after 28-days curing can be used for 
the stabilized road base which have a minimum CBR of 80% and an Unconfined Compressive 
Strength (UCS) of at least 0.8 Mpa. The qu was improved by increasing the sand proportions for the 
soils. The recommended optimum mix ratio of sand is 50 % admixed with clay in the rural road 
construction.  
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b) Effect of the binder dosages on CBR  
 
The higher binder dosage added will cause a higher CBR value of samples. Addition of 1.5 % of 
binder is sufficient for the clayey soil that admixed with 25% of sand and 50 % of sand as well as 
more effective the binder effect in the sample 50K50S (50% of sand) is admixed with binder dosage 
that greater than 2.5 %. The qu was improved by increasing the sand proportions for the soils. For the 
application of road construction, the 2.5 % of binder can be used to stabilized the clayey soil admixed 
with 25 % and 50 % of sand to attain the CBR requirement of at least 30 % for the conventional 
flexible pavement but for the 100% of clayey soil, it will need more binder dosage. It brings out the 
cost effectiveness in rural road construction due to reduction in thickness of structural layer and 
increase the strength of road base. It extends the usage life period of the road and reduce the 
maintenance and repair cost in future. 
 
c) Effect of the curing days on CBR 
 
The 3-days curing is sufficient for all samples which is able to strengthen all samples with negligible 
improvement with prolonged curing to 7 days but the highest CBR values was in for sample 50K50S 
(50% of sand). The samples need not be extended curing days to attain CBR of 30 % for the 
conventional flexible pavement design of rural road. In road construction, it helps to speed up the 
curing process to early attain the minimum CBR requirement of 30 % in conventional flexible 
pavement according to JKR standard.  
 
d) Correlation between parameters derived from CBR test and UCT 
 
Relationship between CBR and qu shows a good coefficient of correlation and CBR increased by 
increasing of qu. Besides, the CBR increased when E was increased. There is a good relationship 
between E due to the E increased by the increment in qu. 
 
1.9 RECOMMENDATIONS 
 
In order to gain more relevant data, the sample used need to be sampled from site for research purpose 
due to more relevant data that can be obtained. Besides, it can be useful in research when more binder 
dosages are examined to obtain more detail data. In addition, CBR test with soaking water that can be 
studied about the effect on strength when soil that exposed the dampness condition.  
 
 On the other hand, the curing process should be carried out in moisture control room that 
designed with according to the standard for the standardizing all kinds of sample. Binder element test 
can be used to analyze and determine the stiffness of soil sample. 
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